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INTRODUCTION

The intent of this study is to identify and establish whether or not the
present structural design of Building 313 meets the design requirements
found within this report. The building evaluation includes dynamic
forces due to seismic, wind and missile. Structrual deficiencies are.
pointed out along with a recommended course of corrective action for
repair or upgrade, with an approximate estimate of construction cost for
each. Drawings, specifications and calculations are provided as part of

. the recommended course of corrective action.

DESCRIPTION OF STRUCTURE

Building 313, "LLNL Disaster Center"” is located at Lawrence Livermore

| National Laboratory, Livermore, California. This building is a single

§ story structure which measures 75'-6" long x 40'-5" wide x 12'-0" high,

‘ with a basement 27'-0" x 40'-5" x 9'-0", located close to the middle of
the building. The roof framing is a metal decking on steel beams, ‘
supported by eight inches (8") of reinforced concrete walls (see Dwg.
1354-A1, A2). The slab on grade measures six inches (6") thick, and the

slab over the basement is fourteen inches (14") thick with top and bottom
reinforcement at both directions.

The lateral force resisting system for this building is a box-typed shear
wall. Lateral forces, whether they be statically applied or dynamically

|

|

\

|

\

\

\

|

‘ induced, are transmitted by the metal roof diaphragm to the shear walls
and the foundations.
|

|

\
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DESIGN CRITERIA

Building 313 was designed and built in the sixties when seismilc design
criteria was low. Our objective is to evaluate and upgrade the structure

to withstand the following requirements.
1, Seismic
Two levels of seismic loads are considered.

. a. Using the LLNL Ground Response Spectra with a corresponding
horizontal ground acceleration of 0.5g. Engineering evaluation
and design are accomplished by using Uniform Building Code
Analysis Method along with UBC Strength Allowables. Connection
evaluation and design are accounted for an additional load

factor of 1.5.

b. Using LLNL Ground Response Spectra with a corresponding
horizontal ground acceleration of 0.8g. Engineering evaluation
and design are accomplished by inelastic analysis method, as to
insure prevention of collapse and to allow continued operation
of Building 313 following an earthquake having major intensity
at the site.

The maximum vertical ground acceleration shall be equal t6~
two-thirds (2/3) of the maximum horizontal grand acceleration.
The horizontal ground motion shall be considered to act

. simultaneously with the vertical ground motion (two-directional

excitation).
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2. Wind

Building 313 has to upgrade to withstand wind pressure of 110 mph or
(30 psf).

3. Missile

Building 313 has to upgrade to withstand missle impact such as a
2" x 4" - 12 foot long timber, weighing 20 pounds and traveling at
70 mph.
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ANALYSIS AND DESIGN
1. Seismic

A simplified three dimensional model has been set up for the dynamic
analysis. (See Fig. 1) This model is assumed fixed at the base with the
concrete walls replaced by the shell elements and the metal roof
diaphragm replaced by the membrane elements and beams. The computer
program "EASE 2" has been used for the dynamic analysis to determine the
building story drift, out of plane flexure of the wall, and the shear
stress of the metal roof diaphragm, with respect to the seismic level of
. 0.5g and 0.8g accordingly. Assume there is little cracking at the walls,
four (4) percent damping is used throughout the analysis. .
From the acceleration response spectra curves (See Fig. 5) the
acceleration stays constant at 1.0g as the natural frequency reaches 30
hertz per cycle. This means that a building with a natural frequency
less than 30 hertz per cycle responds dynamically according to the
response spectra at or helow the frequency of 30 hertz per cycle, and
beyond that range a building can be assumed to respond statically. So in
general practice, eigenvalues and eigenvectors are generated to the
frequency of 30 hertz per cycle, and the percentage of total mass
participated within that frequency are obtained arnd used for dynamic
response analysis, while the remaining percentage of total mass ara used

for static analysis.

The results of the analysis are combined to check for maximum stress.
Theoretically for a better result of analysis, the number of eigenvalues
and eigenvectors has to be generated until a high percentage of total
. mass participated (about 90%) is obtained before running the dyramic
response analysis, but it may be costly to do so. ‘Three mode shapes have

been plotted as shown at Fig. 2, 3 & 4.

4=
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The model shows no openings at the south wall, and it is planned to have
several openings in the near future. In order to have the stiffness of
this wall corrected for analysis, modulus of elasticity was adjusted to
compensate for the future openings. Stresses obtained should not be far
away from reality. '

The basement wall.is nine feet (9'-0") below finished grade. Horizontal
and vertical dynamic soil pressure are calculated by the use of
Mononobe-Okabe theory, and this has té combine with the static soil
pressure for evaluting the strength of the wall.

Wind

Wind pressure is smaller than seismic and it is not considered in this

Teport.
Missile

A wind-borne missile impact test at the roof diaphragm has been done by
the Civil Engineering Department of the Lawrence Livermore National

Laboratory. For test report see Appendix C.
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RESULTS AND RECOMMENDATIONS

1, Seismic

Whereas Building 313 was not designed for the upgraded seismic design
criteria being considered in this report, some structural deficiencies
" are to be expecfed.
From the dynamic response analysis, the weakest area is found at the
metal roof diaphragm. Welded connection at the decking is not adequate
for shear transfer to the east wall. Axial forces generated by seismic
. at the top of the wall caused buckling to the deck. In order to correct
these deficiencies steel members are installed along the top of the wall
together with a horizontal bracing system to replace the flexible metal
diaphragm. (See Dwg. 1354-A2) With the new bracing system installed,
out of plane mowgment at the wall is reduced and shows no overstress due
to seismic forces.
Building 313 is a box-typed structure, where center of mass was located
approximately at the middle of the bulding and about 8'-0" high from the
ground. Overturning and sliding of the building is rarely to occur, and
story drift is small as expected.
Basement wall is overstressecd during seismic. A simple corrective way is
to add metal plates at the inside face of wall at 5'-0" intervals. (See
Dwg. 1354-A3) Shear stress is not significant at this wall. The
retaining wall next to the steel stair at the north was also found
overstressed. A new grade beam has to be provided on top, above the

existing grade beam. (See Dwg. 1354-A4)
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Future openings at the south wall shall be reinforced. (See Dwg. 1354-A6)
Out of plan forces will be transmitted through the steel columns to the
roof diaphragm and the foundation.

Slab over the basement:

The maximum live load capacity of this slab is 160 psf.

2. Missile

. Building 313 is capable of withstanding the missile impact.
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COST ESTIMATE FOR STRENGTHENING .

Basement Wall Reinforcing

1. Plate 3/8" x 12" x 8'-6"

2, Concrete Grade Beam:
Demolish

Pour-in-place Concrete & Rebars

Overhead & Profit
Total

New Roof Bracing System

Bracing L 3x2x1/4
C 7x9.8
Overhead & Profit
Total

*Price includes materials and labor.

$ 6,250.00

5,000,00

2,000.00

—

$13,250.00

1,750.00

$15,000.00%

$12,000.00

2,000.00

$14,000.00*
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APPENDIX B

Sketches, Specifications and Construction Drawings
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GENERAL NOTES
GENERAL

1. The following notes shall apply to all drawings. All work shall be in
accordance with requirements of "UNIFORM BUILDING CODE", 1979 Edition, "AISC
MANUAL" Seventh Edition and "ACI STANDARD 318-77".

’

CONCRETE AND REINFORCEMENT

1. Concrete shall have a minimum compressive strength of 3, 000 psi at 28th day.

2. Reinforcing steel shall be new, free of scale and rust, per ASTM A-615 Grade
40, :

3. Unless otherwise noted, reinforcing steel shall have a minimum concrete
cover as per ACI 318-77 Chapter 7.

4, Splices in reinforcement unless otherwise noted 40 dia. of bar.

5. All anchor bolts, shall be "Red Head" Phillip's Anchors or equal. Bolt
sizes are shown on the drawings.

6. All exposed edges shall have 3/4" chamfer.

STRUCTURAL STEEL

1. Structural steel, plate and bars shall be ASTM A-36.

2. Connection bolts shall be 3/4" Dia. ASTM A 325 with threads excluded from
the shear plane unless otherwise noted.

3. For bolt connection, a minimum of two bolts is required.
4. All welds shall be made with #70 XX electrodes.

5. Details shown are typical. Where specific details are not shown, provide
typical connections as specified.

6. All gusset plate shall be 3/8" thick unless noted otherwise.
7. All steel shall be painted one shop coat with red lead FS TT-T-86A Type II,

or zinc chormate primer. Do not paint the edges and surface areas where
they will be field welded.
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APPENDIX C

Wind-borne Missile Impact Test Report




- Interdepartmental letterhead

Mait Station L- 322

. Ext: 20780 February 12, 1981
T0: Distribution
FROM: B. R, Diaz

SUBJECT: Wind~Borne Missile Impact Tests - Summary of Test Results

The subject test series was conducted to establish the integrity of certain
nonstructural building components of LLNL facilities to withstand wind-borne
missile impacts of a specified design basis velocity, The missile for all
tests was @ 2 x 4 pine plank, 12 ft. long and weighing 15 lbs. Impact
velocity for all tests was nominally 70 m.p.h., The full-scale targets, in
chronological order, were: a 12 ft, x 14 ft. metal roll-up Hi-bay door; a
metal, hollow-core, double pedestrian door; a metal, hollow-core, single
pedestrian door; a chain link fence without wood slats; a chain link fence
with wood slats; and four metal wall panel sections with gauge thickness of
22, 20, and 18, :

The roll-up door, single and double pedestrian doors, and chain link fences

. all satisfactorily prevented entry or penetration of the 2 x 4 plank at 70
m.p.h. Four tests at 70 m.p.h. against wall panel sections opened up at the
center lap joint in each test, allowing the 2 x 4 plank to penetrate about two
feet. Two of the latter tests were conducted with the center joint of the
panel fastened with sheet metal screws and two panels were tested with the
center joint fastened with rivets. Neither the screws nor rivets exhibited
satisfactory holding power for the level of impact loading experienced in these
tests. In the case of the riveted 22 Gauge test, the panel material was weaker
than the rivets which elongated the holes and punched through the panel material.
In the case of the riveted 18 gauge test, the holes did not tear or elongate.
The rivets failed in shear/tension., The panel tests concluded that the
standard lap jointed sheet metal and rivet connections were not sufficient to
prevent penetration of the missile,

BRD:sk

u University of California
LLAWRENCE (UWVERMORE |_ABORATORY





